Two low noise tuned optical front-end GaAs MESFET MMIC amplifiers for a coherent optical CPFSK (Continuous Phase Frequency Shift Keying) receiver are presented. The receiver operates at 2.5 Gbit/s at an IF of approx. 9 GHz. The front-ends are based on full-custom designed MMICs and a commercially available GaInAs/InP pin photo diode. The procedure for measuring the transimpedance and the equivalent input noise current density is outlined in this paper and demonstrated using one of the MMICs. The MMICs were fabricated using the Plessey F20 process by GEC-Marconi through the ESPRIT programme EUROCHIP, and they both occupy 2 mm2
INTRODUCTION
During the last few years the development of Gbit/s coherent optical communication systems has been remarkable. Hybrid circuits are widely used in receivers for such systems. However, in order for coherent systems to have high reliability, low power consumption and eventually to be of low cost, a high degree of integration should be used. Hence, it is interesting to investigate how the progressing maturity of GaAs MESFET MMIC technology can be exploited in coherent receivers. The main purpose of our research is therefore to use conventional MESFET technology for coherent receivers. The demands for e.g. front-ends in a coherent receiver are very stringent because the bandwidth is approx. twice the bitrate, A.K.Petersen and A.M.Jagd [1] . Wavelengths in long-haul communication systems are in the range 1300 -1550 nm, so a photo diode based on Ga-As-In-P compounds is necessary. In this case a commercially available GaAsIn/InP photo diode with a 25 GHz bandwidth is used, Wake et al. [2] .
CIRCUIT TOPOLOGY Design of the front-ends is based on transformer tuning, G.Jacobsen et al. [3] . The use of transformer tuning decreases the thermal receiver noise considerably and so reduces the local oscillator power needed to obtain shot noise limited detection. Figure 1 Using the diode model it has been possible to simulate the transimpedance and the equivalent input noise current density, M. H0gdal [3] . These simulations are shown in figure 6 and 7 as solid curves.
As shown in figure 6 the expected transimpedance for the front-end with T-equivalent inter stage tuning is 42.5 dB. ± 1.5 dBQ in the frequency range 6 GHz -12 GHz, the expected input noise current density is 12 -15 pA/4IE. Figure 7 shows the expected transimpedance for the front-end with fl-equivalent inter stage tuning.
This front-end has an expected transimpedance of 42 dBQ ± 1.5 dBQ in the frequency. range 6.5
GHz -11.5 GHz, and the expected input noise current density is 12 -16 pAtJTHz. figure 4 and 5, respectively. Good agreement is observed for the front-end with fituning ( fig.5 ), although the measured S21 is shifted slightly towards lower frequencies. Excellent agreement between measured and calculated S21 and for the front-end with T-tuning ( fig.4) .
After the preliminary test of the MMICs, they were mounted with the photo diodes. The measurement procedure for measuring transimpedance and equivalent input noise current density is outlined below. 
where P*2 is the low frequency level for P2(f).
To measure the equivalent input noise current density, three additional power spectra measurements are made. A low noise amplifier is first inserted between the front-end and the spectrum analyzer to decrease the noise figure seen from the output of the front-end ( figure 3 c) ). The gain of the inserted amplifier is easily found by measuring the third spectrum, P3(f) and the photo currents IL03 and IS3* The gain is given by
Finally two spectra measurements are performed where the photo diode is not illuminated. When the photo diode is not illuminated the total noise spectrum, P4(f), from the front-end, amplifier and spectrum analyzer is measured. The last power spectrum is measured with the bias for the front-end turned off. During this measurement the noise spectrum, Pf(t), is measured. The difference in noise power gives the noise power generated in the front-end. The measured noise spectrum at the output of the front-end for these two measurements is calculated as
where Bn is the noise bandwidth used in the spectrum analyzer and, G, the gain of the amplifier The 2.5 dB comes from the fact that narrow band white noise is measured.
Finally the equivalent input noise current density, Ineq, can be calculated as
where Zo = 50 Q.
The result of the measurement of transimpedance and equivalent input noise current density is shown in figure 6 for the front-end with T-tuning. Good agreement between measurements and simulations are obtained over some of the frequency range, but an unexpected discrepancy is observed in the frequency range 1 1-14 GHz. We believe this discrepancy is due to improper design of the bias circuit for the MMIC. Another cause could be the bond wire tuning between the photo diode and the MMIC, but this is not very likely since the low frequency cut off at 5 GHz is very sensitive to this tuning circuit and very good agreement is obtained in this frequency range.
The measured transimpedance and equivalent input noise current density of the front-end with Htuning were not available at the paper deadline. To predict the front-end transimpedance of the received MMIC, a simulation has been performed where the measured S-parameters for the MMIC in a 50 LI system and the modelled photo diode were used. The predicted transimpedance was compared to the original simulations ( see figure 7 ) . We expect to present measured transimpedance and noise current density for the IH-tuned front-end at the conference, to verify the good agreement shown in the figure.
CONCLUSION
Two different types of transformer tuned pin-diode front-ends were designed using a commercially available MESFET GaAs foundry service and a commercially available pin photo diode. 
